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Abstract 
The present investigation tested the hypothesis that there would be variation in physiological responses to water deficit 
among rice varieties from different production ecologies, with contrasting tolerance to water deficit under repeated cycle of soil 
moisture deficit, at reproductive growth stage. A screen house and a field trial were conducted at International Institute of 
Tropical Agriculture, Ibadan and Ikenne (Latitude 6° 52' N, Longitude 3° 43' E) respectively. Both experiments had rice 
varieties (‘IR 64’, ‘WAB 56-104’, ‘IR 77298-1-2-B-10’ and ‘NERICA 4’) and stress status (stress and control) as treatment 
factor’s, arranged in a randomised complete block design with three replicates. In both trials, the physiological mechanism that 
underpins varietal differences with repeated cycles of water deficit at the reproductive growth stage was more balanced water 
status, improved foliar characters, efficient photosynthetic capacity and higher grain yield in comparatively drought tolerant 
upland rice varieties (‘NERICA 4’ and ‘WAB 56-104’), as opposed with the results for the drought susceptible cultivar ‘IR 64’. 
A converse pattern was observed on water stressed rice, despite fewer cycles of water deficit on the field. The results could have 
suggested that the initiation of water deficit is the rate limiting step rather than its intensity at the reproductive growth stage.      
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Introduction 
There has been a great concern on the implication of 
climate change on agricultural production in recent past. 
This is even more germane when examined in the context of 
the implications of climate change on the agricultural 
productivity of the most vulnerable part of the world such 
as Africa and Asia, where agricultural production is 
predominantly extensive in nature with low agricultural 
input. It had been observed that climate change could result 
in an increase in temperature and changes in rainfall 
distribution (Parry, 2007).  
The combined effects of these factors could constrain 
agricultural production especially among resource 
challenged farmers in the Sub-Sahara Africa (SSA). 
Moisture stress is capable of creating disequilibrium in crop 
water balance, subsequently affecting yield. Diagne et al. 
(2013) reported that biophysical constraints were perceived 
by farmers to have accounted for 30% of the constraints in 
rice production in SSA. They also reported that in upland 
rice production, 35% of this yield constraints could be 
attributed to drought alone. These biophysical constraints 
increased poverty and reduced income generation among 
rice farming communities (Diagne et al., 2013). Rice as a 
cereal is becoming more popular in SSA due to its ease of 
preparation (Diagana et al., 1999) and changes in the 
demographic profile of the populace (Idris et al., 2013). The 
demand for rice among the populace could not be met by 
local production in Nigeria in recent past due in part to 
earlier highlighted factors. By implication more nations in 
SSA have resulted into massive importation of rice from 
other countries that could have negative effect on their 
balance of payment in the face of dwindling foreign 
exchange earnings. Both upland and lowland rice are known 
to be susceptible to drought, but relatively tolerant to water 
logging (Grzesiak et al., 2016). Comparatively, farmers 
prefer to cultivate lowland rice than the upland rice due to 
their productivity. With shortages in available fresh water 
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climate condition was similar to the ambient obtainable 
during the cropping season. The trials were conducted at 
the International Institute of Tropical Agriculture (IITA), 
Ibadan (Latitude 7º 30' 8ʺ N and Longitude 3º 54' 37ʺ E), 
Oyo state, Nigeria.  
 
Experimental treatments and design 
Treatment consisted of four rice varieties and two 
moisture regimes (moisture stressed and unstressed 
environments). The experimental design used was a 
randomised complete block design with three replicates. 
The rice varieties [‘IR 64’, ‘IR77298-14-12-B-10’ (lowland 
varieties) and ‘WAB56-104’, ‘NERICA 4’ (upland 
varieties)] possessed different tolerance to soil moisture 
stress. ‘IR 64’ was regarded as a highly susceptible rice variety 
(Venuprasad et al., 2008). ‘WAB 56-104’ was observed to 
be moderately tolerant to soil moisture stress. ‘IR77298-14-
12-B-10’ and ‘NERICA 4’ were regarded as highly tolerant 
varieties to water stress. Before the impositions of soil 
moisture stress, all rice plants were maintained at full field 
capacity. Soil moisture stress condition was achieved 
through withdrawal of water at 7 weeks (49 DAS) after 
sowing by draining moisture using an adjustable water 
stopper (drainer). Soil moisture stress was maintained until 
the most susceptible rice variety (‘IR 64’) had its leaves fully 
rolled (rolling score = 9). After cessation of each drought 
cycle, soil moisture was maintained near field capacity. The 
next cycle of drought stress was imposed on fully recovered 
rice plants. Two drought cycles were carried out (at 52 and 
75 DAS). In the controlled environment, rice plants were
well watered near field capacity throughout the duration of 
the experiment.  
 
Cultural operations 
Rice seeds were raised in nursery pots. Twenty one day 
old rice seedlings were transplanted into buckets. The 
buckets were of 52 cm wide (diameter) at the surface, 64 cm 
deep and 100 litres (100,000 cm3) in volume. Two seedlings 
per stand were transplanted into the bucket on the 18th
April 2014 and later thinned one week after transplanting. 
Spacing of 20 cm in a triangular form was adopted in the 
bucket. The seedlings in the bucket were kept weed free 
manually. A split application of inorganic fertiliser was 
adopted.  At planting 100 kg ha-1 of N-P-K (15-15-15) was 
applied and top dressed with 50 kg ha-1 of urea (46% N) at 
21-30 DAS and 50 kg ha-1 of urea (46% N) at 42-50 DAS. 
Harvesting was conducted manually at 90% physiological 
maturity. 
 
Data collection 
The following parameters were taken: leaf stomata 
conductance, maximum photosystem II photochemical 
efficiency (FV/FM), leaf water potential, leaf photo-
synthetic rate, leaf rolling score, leaf tip drying score, 
number of dead leaves, leaf area, specific leaf area and grain 
yield per plant. Leaf stomatal conductance was measured 
using a steady state leaf porometer (Leaf porometer model 
SC-1 LPS 1993, Decagon devices, USA). Photochemical 
efficiency of photosystem II was measured using 
fluorescence meter (Hansatech Instrument, PPEA 120019, 
UK). A leaf was dark adapted for 20 minutes in order to 
obtain the maximum fluorescence signal. Thereafter, 
supply that could pose a big challenge in the long run, 
cultivation of upland land remains the other option, 
whereas provided challenges posed by abiotic stress would 
be properly addressed.  
Centritto et al. (2009) conducted a study to explicate 
physiological responses of rice varieties from different 
production ecologies with contrasting susceptibilities to soil 
water deficit at reproductive growth stage. Results from that 
investigation suggested that photosynthetic capacity and 
performances of those rice varieties were constrained 
majorly by diffusion of CO2 into the leaf prior to 
biochemical limitations on carbon assimilation. However, 
there is little information on the physiological and 
agronomic implication of repeated cycle of water deficit and 
recovery at reproductive growth stage on rice from different 
production ecologies with contrasting drought tolerance in 
the rainforest.  
Efforts had been made by Africa Rice towards the 
improvement of rice cultivars, in most rice growing areas of 
Africa. This had led to the introduction of New Rice for 
Africa (NERICA) (Wopereis et al., 2008). These are 
interspecific hybrids that combined the hardiness of Oryza 
glabberima with high yield of Oryza sativa. They have been 
reported to be more drought tolerant than the existing rice 
cultivars (Jones et al., 1997). However, performance of 
NERICA rice from different production ecologies under 
repeated water stressed conditions has not been fully 
explored in the literature. Efforts had been made in the past 
to physiologically characterize the mechanisms that 
underpin these drought tolerant rice cultivars. It was 
established that their superior performance could be based 
upon their hydraulic properties, such as improved rate of 
transpiration and better root hydraulic conductance 
compared with the susceptible rice cultivars (Henry et al., 
2012; Henry et al., 2015). This could have suggested that 
there was no conservative use of water. Grain yield is not 
only a function of the diffusive properties of rice, but on the 
efficiency of conversion and partitioning of assimilates to 
the reproductive structures especially at the grain filling 
growth stage (Tardieu, 2013).  
It was thus tested the hypothesis that there would be 
variation in physiological response to water deficit by rice
varieties from different production ecologies with 
contrasting drought tolerance under repeated cycle of soil 
moisture deficit at reproductive growth stage. It was
examined the hypothesis that this physiological variation 
would result in differences in grain yield among the rice 
varieties under this condition. The present study was carried 
out with the aim of explicating the physiological basis of 
drought tolerance among rice cultivars from different rice 
production agroecologies subjected to repeated cycle of soil 
moisture stress at reproductive growth stage. Understanding 
the physiological basis for this variation would aid the 
breeders in crop improvement under different production 
ecologies. 
 
Materials and Methods  
Screen house experiment  
An open screen house and a field trial were conducted. 
The open screen house was protected from rainfall and dew 
through erection of an artificial rainout shelter; hence the 
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samples were illuminated with continuous red light 
(wavelength in peak 62ηm and the light pulse intensity used 
was 3,500 µmol-²s-¹). Measurement was done on three fully 
developed leaves and measurement averaged. From the 
terminal leaflet of the uppermost fully expanded leaf of each 
plant leaf water potential was measured using pressure 
chamber (ARIMAD 3000, MRC, UK) as described by 
(Gindaba et al., 2004). Leaf photosynthetic rate (μmol m-2 s-
1) was measured using Infra-Red Gas Analyzer (Model CI-
340 Photosynthesis System, CID, Inc., USA). The gas 
exchange variables were measured under the same 
environmental conditions. These observations were 
conducted in situ between 10.00 and 12.00 am in saturating 
photosynthetic photon flux density (1,000 to 1,500 mmol 
m-2s-1), with relative humidity that ranged between 45 to 
55% and a leaf temperature of between 28-30 ºC, ambient 
CO2 concentration between 350-450 ppm and the average 
value of the atmospheric pressure of 760 mmHg. 
Instantaneous measurements were made on four plants per 
bucket. The measurements were made in each of the three 
replications of the trial. Leaf rolling score was determined 
based on the Standard Evaluation System (SES) of rice 
(IRRI, 2002). A visual score was assigned to indicate the 
degree of leaf rolling and leaf tip drying based on standard 
criteria proposed by a SES of rice (IRRI, 2002). Number of 
dead leaves was counted as leaves that are not 
photosynthetically active after harvesting visually. Leaf area 
was measured using a leaf area meter (model LI-3,000C, 
USA). Specific leaf area was calculated as the leaf area (cm2) 
divided by the oven dry weight of the leaf (g) according the 
formula suggested by Nageswara et al. (2001). Grain yield 
per plant was measured as the average weight of the total 
filled grain per plant.  
 
Field experiment 
Description of location and experimental site 
The field trial was conducted at Ikenne (IITA sub-
station) (Latitude 6° 52' N, Longitude 3° 43' E of about 70 
m a.s.l.), in the rainforest ecology of Nigeria. The soil type is 
an utisol, with a textural class of clay loam and a pH range of 
4.5-5.4. 
 
Experimental treatments and design 
The treatment consisted of earlier used rice varieties in 
the open screen house at IITA, Ibadan and two soil 
moisture regimes (stressed and control). The design was
randomised complete block design, replicated three times. 
All plots were subjected to irrigation from a sprinkler once 
in three days from planting to 7 weeks after seedling 
emergence at full field capacity. Soil moisture stress was 
imposed through withdrawal of irrigation water that 
commenced from 49 days after sowing till when soil water 
tension was -75kPa (15 cm) and -60 kPa (30 cm) soil depth. 
Soil water tension was monitored with tensiometer (Model 
SR 1000, France). The soil was there after re-irrigated untill 
the soil experienced saturation around root zone. Repeated 
cycle of soil moisture stress was conducted around flowering 
to ensure that rice plants sown to soil moisture stressed plot 
experience approximately 15 days of stress. Control plot was 
irrigated throughout the growth period except at harvest 
maturity.    
 Field cultural operations 
Prior to planting, the field was ploughed and harrowed. 
The seeds were hand-dibbled at planting. Three seeds were 
sown at the depth of 2 cm at a spacing of 20 × 20 cm. This 
was later thinned to one hill per stand, three weeks after 
sowing (WAS). The net plot size measured 1 ×1 m, which 
was separated by 0.5 m between plots. The replicates were 
separated by 1 m. Basal application of 100 kg ha-1 of N-P-K 
(15-15-15) was carried out and top-dressed with 50 kg ha-1
of urea (46% N) at 21-30 DAS and 50 kg ha-1 of urea (46% 
N) at 42-50 DAS. The plots were kept weed free manually 
throughout the duration of the trial. Rain was kept off by 
using a rain out shelter during raining periods. Birds scarcer 
were also used to prevent birds from scavenging grains 
during grain filling. 
 
Sampling and data collection 
Ten hills per net plot were randomly selected. 
Measurements were taken on leaf stomatal conductance, 
leaf rolling score, leaf tip drying score, number of dead leaves 
and leaf water potential as described for the trial in the open 
screen house. Leaf water potential, leaf relative water 
content (RWC), stomatal conductance and leaf 
photosynthetic rate were determined at 58 DAS, while 
number of dead leaves and leaf tip drying score were 
determined at 59 DAS. RWC content was recorded in the 
morning hours (8:00 to 9:30 am). Leaf photosynthesis, leaf 
water potential, stomatal conductance were measured on 
the same leaf while RWC was measured one flag leaf per 
hill. Fully expanded flag leaves were sampled and 
immediately weighed to determine leaf fresh weight (FW). 
Leaf samples were later placed in sealed plastic bags and 
water was added. The leaves were hydrated for 24 hours 
until they became fully turgid, surface dried and reweighed 
to determine turgid weight (TW). Leaf samples were then 
oven-dried at 72 °C for 72 hours and reweighed to 
determine dry weight (DW). RWC was calculated using 
the following formula (Barrs and Weatherley, 1962). 
RWC (%) = [(FW – DW) / (TW – DW)] × 100  
Grain yield (kg ha -1) was determined at 90 % harvest 
maturity. 
 
Statistical analysis  
Data collected were subjected to analysis of variance, 
fixed model ANOVA for all the factors, at 5% probability 
level and significant means were separated using Least 
Significant Difference (LSD). Discrete data was 
transformed using square root transformation prior to 
analysis. The statistical package used was Genstat 12th
Edition. 
Results  
Physiological and grain yield responses of rice varieties 
subjected to soil moisture stress (Screen house trial)  
Significant (P < 0.05) varietal differences were observed 
on all the foliar characters examined except specific leaf area. 
Significant leaf area differences among the varieties were in 
the order ‘WAB 56-104’ > ‘NERICA 4’ > ‘IR 64’ > ‘IR 
77298-14-1-2-B-10’. A converse pattern was observed on 
leaf rolling score, where ‘WAB 56-104’ and ‘NERICA 4’ 
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had significantly the least rolling score, with significantly the 
highest leaf rolling score recorded for ‘IR 64’ and ‘IR 77298-
14-1-2-B-10’. Similar pattern was observed on leaf tip dry 
score and number of dead leaves (Table 1). 
Imposition of soil moisture stress had a significant (P < 
0.05) effect on leaf area, leaf rolling score and number of 
dead leaves, where rice plant sown in well-watered buckets 
had significantly higher leaf area than stressed rice plant. 
Conversely, stressed plant had significantly (P < 0.05) 
higher number of rolled and dead leaves than well-watered 
control plot (Table 1). 
There were no significant varietal differences on all the 
physiological parameters examined except grain yield per 
plant and leaf water potential. The most susceptible rice 
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variety (‘IR 64’) had significantly the lowest leaf water 
potential (-11.21 kPa), which was followed by ‘IR 77298-
14-1-2-B-10’. ‘NERICA 4’ (highly tolerant rice variety) had 
significantly the highest leaf water potential (-7.94 kPa), 
which was not significantly different from ‘WAB 56-104’. 
Similar pattern was observed on grain yield plant-1 (Table 2). 
There was a significant (P < 0.05) effect of the stress 
status on all the physiological parameters and grain yield per 
plant. Rice plants sown to well-watered buckets had 
significantly (P < 0.05) higher leaf water potential, 
photochemical efficiency of photosystem II, stomatal 
conductance and leaf photosynthetic rate than stressed rice 
plant. This pattern was also reflected on the grain yield per 
plant (Table 2). 
Table 1. Effect of soil moisture stress on  leaf area, specific leaf area, leaf rolling score, leaf tip drying score and numbers of dead leaves of  rice varieties 
in an open screen house experiment 
Treatments 
Leaf area  
(cm2) 
Specific leaf area 
(cm2 g-1) 
Leaf rolling  
score 
Leaf tip drying  
score 
Numbers of dead  
leaves 
Variety      
‘IR 64’ 39.77 19. 40 4.00 3. 28 287.6 
‘WAB 56-104’ 67.97 12.20 2.00 2.66 66. 90 
‘IR 77298-14-1-2-B-10’ 35.21 12. 80 4.00 2. 74 144.70 
‘NERICA 4’ 54.03 13.10 2.00 1. 54 62. 60 
LSD (0.05) 7.88** ns 0.36** 0.75** 2. 20** 
Stress status      
Stress 40.88 14.0 6.0 3.92 249. 0 
Control 57.61 14. 70 0.0 1.2 31.20 
LSD (0.05) 5.57** ns 0.26* ns 1.57** 
Interaction      
Varieties × stress status      
LSD 11.14* 17.33* 0.52* ns 3.14** 
LSD- Least Significant Differences of means, ns - not significant, *- significant at 5% level and ** - significant at 1% level. 
 
Table 2. Effect of soil moisture stress on leaf water potential, maximum quantum yield of photosystem II, stomata conductance, leaf photosynthetic 
rate and grain yield of rice varieties (open screen house experiment) 
Treatments 
Leaf water 
potential  
(-kPa) 
Photosystem II photochemical 
efficiency  Fv/ Fm 
(µ mol photons  m-2s-1) 
Stomatal conductance 
(mmolm-2 s-1) 
Leaf photosynthetic 
rate (µmolm-2 s-1) 
Grain yield 
(g plant-1) 
Variety      
‘IR 64’ -11.21 0.77 486.00 12.63 130.30 
‘WAB 56-104’ -7.94 0.79 402.00 12.83 136.50 
‘IR 77298-14-1-2-B-10’ -9.70 0.79 472.00 12.88 101.60 
‘NERICA 4’ -7.94 0.79 402.00 12.83 159.80 
LSD (0.05) 1.13** ns ns ns 38.54** 
Stress status      
Stressed -14.83 0.76 198.0 3.83 71.5 
Control -3.81 0.81 684.0 21.49 192.6 
LSD (0.05) 0.8** 0.03* 242.7* 1.12** 27.25** 
Interaction      
Varieties × stress status 1.60** ns 342.21 * ns 54.50* 
LSD- Least Significant Differences of means, ns - not significant, *- significant at 5% level and ** - significant at 1% level. 
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Physiological and grain yield responses of rice varieties 
subjected to soil moisture stress (Field trial) 
There was a significant (P < 0.05) varietal difference on 
all the foliar characters examined. ‘NERICA 4’ had 
significantly the highest leaf water potential (-6.25 kPa) 
than other varieties. The least significant leaf water potential 
(-10.85 kPa) was observed in ‘IR 64’. Leaf relative water 
content significantly (P < 0.05) increased with increasing 
tolerance of varieties to soil moisture stress. Significant 
decrease in leaf rolling score was in the order ‘IR 64’ > ‘IR 
77298-12-1-2-B-10’ > ‘WAB 56-104’ > ‘NERICA 4’. 
Similar pattern was observed on leaf tip dry score and 
number of dead leaves. The soil stress status had a significant 
effect on all the foliar characters examined on the field. Rice 
plants sown to well- watered plots had significantly higher 
leaf water potential and relative turgidity than those in sub-
optimal water regime. Conversely rice plants sown in plots 
that were subjected to soil moisture stress had significantly 
higher leaf rolling and leaf tip score and more number of 
dead leaves (Table 3). 
Significant varietal differences were observed on 
stomatal conductance, leaf photosynthetic rate and grain 
yield. Variety ‘IR 64’ had significantly the highest stomatal 
conductance (1,357.13 mmol m-1s-1) compared to other 
varieties, while the least stomatal conductance (1,106.30 
mmol m-1s-1) was recorded for variety ‘IR 77298-12-1-2-B-
10’. Leaf photosynthetic rate increased significantly (P < 
0.05) with increasing tolerance to soil moisture stress in the 
varieties. Similar pattern was observed on the grain yield. 
Soil moisture regime significantly (P < 0.05) affected all the 
physiological parameters examined. Rice crop sown to 
optimal soil moisture regime had significantly higher 
stomatal conductance, leaf photosynthetic rate and grain 
yield than those sown under soil moisture stress (Table 4). 
Table 3. Effect of soil moisture stress on leaf water potential, leaf rolling score of rice, relative water content and numbers of dead leaves (field 
condition) 
Treatments 
Leaf water potential  
(-kPa) 
Relative water content  
(%) 
Leaf rolling  
score 
Leaf tip  drying 
score 
Numbers of  
dead leaves 
Variety      
‘IR 64’ -10.85 64.86 3.83 1.07 171.0 
‘WAB 56-104’ -6.59 72.97 1.50 0.74 54.30 
‘IR 77298-14-1-2-B-10’ -7.88 72.16 2.00 0.90 65.30 
‘NERICA 4’ -6.25 73.30 1.33 0.50 47.20 
LSD (0.05) 0.56** 2.58** 0.14** 0.24** 1.42** 
Stress status      
Stress -13.01 50.64 4.33 1.61 146.7 
Control -2.49 91.00 0.00 0.00 22.7 
LSD (0.05) 0.39** 3.66** 0.10** 0.17** 1.007** 
Interaction      
Varieties  × stress status 079** 5.17** 0.20** 0.81** 60.32** 
LSD- Least Significant Differences of means, ns - not significant, *- significant at 5% level and ** - significant at 1% level. 
 
Table 4. Effect of soil moisture stress on leaf stomatal conductance, leaf photosynthetic rate and grain yield of rice varieties (field condition) 
Treatments 
Stomatal conductance 
(mmol m-2 s-1) 
Leaf photosynthetic rate 
(µmol m-2 s-1) 
Grain yield 
(kg ha-1) 
Varieties    
‘IR 64’ 1,357.13 14.90 2,319.0 
‘WAB 56-104’ 1,286.64 15.51 4,069.0 
‘IR 77298-14-1-2-B-10’ 1,106.3 15.56 3,494.0 
‘NERICA 4’ 1,262.7 16.28 4,531.0 
LSD (0.05) 79.94** 0.55** 923.6** 
Stress status    
Stress 155.79 8.28 2,888.0 
Control 2350.74 22.83 4,319.0 
LSD (0.05) 56.53** 0.39** 653.1** 
Interaction    
Varieties  × stress status 113.06** ns 1,306.20* 
LSD- Least Significant Differences of means, ns - not significant, *- significant at 5% level and ** - significant at 1% level. 
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Discussion 
Significant (P < 0.05) varietal differences observed 
among the investigated rice varieties from different 
production ecologies that differed on their drought 
tolerance could be premised on their underlying 
physiological differences. In the screen house, for all the 
physiological parameters investigated, variety ‘WAB 56-
104’ had significantly (P < 0.05) higher leaf area (67.97 cm2) 
than other cultivars. This could suggest a higher assimilatory 
surface for light capture and transpiration. However, all the 
varieties displayed similar gas exchange properties. The 
higher assimilatory surface could also have been supported 
by the morphology of the leaf (more flat leaf and reduced 
number of dead leaves). Leaf growth in this variety could 
have been explained by its significantly (P < 0.05) higher 
leaf water potential than other varieties except ‘NERICA 4’. 
This could have supported a more favourable water and 
energy balance to maintain leaf growth and carbon 
assimilatory process. Such an observation was also reported 
in ‘IR 64’ rice Near Isogenic lines (NIL) under drought with 
different combinations of drought yield (qDTY) 
quantitative trait loci (QTL) (Henry et al., 2015b). There 
was observed that combined qDTY QTL in ‘IR 64’ rice 
NIL under water deficit possessed better root hydraulic 
conductance, higher leaf water potential, lower canopy 
temperature and more grain yield than the drought-
susceptible ‘IR64’. However, in the screen house gas 
exchange and photosynthetic efficiency of photosystem II 
were not significantly different among the rice cultivars 
despite favourable foliar characters of ‘WAB 56-104’ and 
‘NERICA 4’ rice compared to others. Studies had earlier 
indicated that limitation to gas exchange precedes damages 
to the photosynthetic apparatus (Centritto et al., 2009). 
Similarities in the gas exchange properties of these varieties 
could have translated to the similarities observed in the 
chlorophyll fluorescence parameter. Bączek-Kwinta et al. 
(2011) opined that the interpretation of chlorophyll 
fluorescence parameter should be premised on growth stage 
of the crop, water regimes imposed and the use of other 
chlorophyll fluorescence parameters to provide a more 
integrative view of the stress status of the crop concerned. 
Despite this feature, ‘WAB 56-104’ and ‘NERICA 4’ still 
maintained superior grain yield per plant than other 
drought susceptible rice varieties. Kumar and Singh (1998)
also observed significant varietal differences in oilseed 
Brassica species. In their own trial, Brassica species with 
favourable leaf water potential parameters had positive leaf 
gas exchange parameters (leaf hydraulic conductance, 
stomatal conductance), which had a significant effect on 
their seed yield. They opined that the positive leaf water 
parameters found in some of the varieties they investigated 
were supported by high osmotic adjustment. This could not 
be substantiated in the hereby trial. The comparatively more 
susceptible variety (‘IR 64’) displayed significantly a reduced 
leaf area than others. This reduced assimilatory surface 
could have been exacerbated by the morphology of its leaf 
(more rolled, with significantly higher number dead and 
drying leaves). The water status of ‘IR 64’ was comparatively 
lower, probably as a strategy to compensate for its 
susceptibility to adverse environmental condition. On the 
field, similar physiological response pattern was repeated in 
‘NERICA 4’ and ‘IR 64’ rice varieties, validating earlier 
physiological mechanism observed in the screen house. The 
only exception was the comparatively higher stomatal 
conductance observed on the field in ‘IR 64’. This could 
have predisposed the variety to a change in water balance 
through increased water loss under reduced supply. 
Stomatal conductance is a component of the total diffusion 
that involves mesophyll diffusion. Proper interpretation 
could be better done when examined in the context of other 
mechanisms (dehydration avoidance and escape 
mechanism), together with its leaf water potential. Serraj et 
al. (2008) had earlier opined that rice is better described as 
dehydration avoider, the significantly higher stomatal 
conductance observed in ‘IR 64’ on the field could be a 
disadvantage towards drought tolerance.    
In the screen house, significantly lower leaf area was 
observed in the repeated cycle of water stress at reproductive 
growth stage than unstressed rice. This was also observed on 
the significantly reduced leaf water potential of stressed rice 
plant than unstressed. This would have affected the leaf 
water balance and its consequent effect on the morphology 
the leaf. Demirevska et al. (2008) observed a significant 
reduction in tissue RWC with increasing severity of 
drought. Reduced cellular turgidity implied with reduced 
water potential would have suggested a disruption in the 
structural integrity of the leaf cells, through electrolyte 
leakage (Farooq et al., 2012). This could partly explain the 
observed significant increase in the number of dead leaves in 
rice sown to plots subjected to soil moisture stress. With the 
disruption in water balance and changes in leaf morphology, 
other physiological processes (transpiration and 
photosynthesis) are expected to be negatively affected. It 
had been reported that soil moisture stress affects water 
status of plant through the components of water potential 
(Chakraborty et al., 2008). Reduced turgor potential in the 
absence of osmoregulation or elastic properties of the cell 
would alter the morphology of the leaf. Stressed rice plants 
were observed to be rolled, which could have explained their 
increasing xeromorphism. Similar observation was indicated 
by O’Toole and Cruz (1980) when rice plant was subjected 
to soil water moisture, especially the abaxial leaf surface. 
Rolled leaf under soil moisture stress had also been observed 
to reduce leaf angle and increased reflexibility of radiant 
energy. This could reduce the amount of light intercepted 
(Heckathorn and DeLucia, 1991) and photoinhibition 
(Lebkuecher and Eichneier, 1990) when crops are subjected 
to soil moisture stress. They also observed that reduced 
amount of intercepted radiant energy would positively 
affect energy balance through reduced leaf temperature and 
leaf-air water vapour deficit. In the present trial, it was 
observed that though stressed rice plants exhibited earlier 
corroborated findings the efficiency of photosystem II was 
compromised, despite the positive effect rolled leaves could 
have conferred on leaf energy balance. The magnitude of the 
leaf rolling, the leaf surface where it was most predominant 
and other environmental factors could have exacerbated 
efficiency of leaf photochemistry under soil water deficit. 
With rolled leaves significant reduction was observed in the 
stomatal conductance of rice plants, which would have 
constrained water vapour and gas exchange (Parker, 1968;
Araus et al., 2002). With increased diffusional constraint 
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